In the title compound, C 9 H 10 ClNOS, the amide functional group -C( O)NHadopts a trans conformation with the four atoms nearly coplanar. This conformation promotes the formation of a C(4) hydrogen-bonded chain propagating along the [010] direction. The central part of the molecule, including the six-membered ring, the S and N atoms, is fairly planar (r.m.s. deviation of 0.014). The terminal methyl group and the C( O)CH 2 group are slightly deviating out-of-plane while the terminal Cl atom is almost in-plane. Hirshfeld surface analysis of the title compound suggests that the most significant contacts in the crystal are HÁ Á ÁH, HÁ Á ÁCl/ClÁ Á ÁH, HÁ Á ÁC/CÁ Á ÁH, HÁ Á ÁO/OÁ Á ÁH and HÁ Á ÁS/SÁ Á ÁH.interactions between inversion-related molecules also contribute to the crystal packing. DFT calculations have been performed to optimize the structure of the title compound using the CAM-B3LYP functional and the 6-311 G(d,p) basis set. The theoretical absorption spectrum of the title compound was calculated using the TD-DFT method. The analysis of frontier orbitals revealed that the -* electronic transition was the major contributor to the absorption peak in the electronic spectrum.
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Chemical context
Methylthioanilines are a class of S-and N-heterocyclic compounds that are widely used in antimicrobial applications (Chatterjee et al., 2012; Martin et al., 2016; Das et al., 2017; Cross et al., 2018) . Metal-methylthioaniline complexes have also been utilized in many applications including as homogeneous catalysts, organic semiconductors, antibacterial and antifungal drugs (Chen et al., 2019; Kumar et al., 2017; Mandal et al., 2018; Wang et al., 2009) . In this research, we report the synthesis and the solid state structure of 2-chloro-N-[4-(methylsulfanyl)phenyl]acetamide, a methylthioaniline derivative. Hirshfeld surface analysis was used to investigate the interactions within the crystal structure and DFT calculations were performed to study the frontier molecular orbitals of the title compound and also its electronic properties. ISSN 2056-9890 
Structural commentary
The asymmetric unit of the title compound contains one molecule (Fig. 1) . The central part of the molecule, including the six-membered ring, the S and N atoms, is fairly planar (r.m.s. deviation of 0.0142 for the eight fitted non-hydrogen atoms). The terminal methyl group deviates from this plane, atom C9 being displaced by À0.498 (4) Å to the mean plane. On the other side of the benzene ring, the C( O)CH 2 group also deviates slightly from the central plane in the opposite direction [deviations of 0.246 (3), 0.324 (3) and 0.489 (4) Å for atoms C2, O1 and C1, respectively] while the terminal Cl atom is almost in-plane [À0.007 (3) Å ] as a result of the N1-C2-C1-Cl1 torsion angle of À150.97 (18) . The amide functional group adopts a trans conformation with the four atoms nearly coplanar as shown by the O1-C2-N1-H1 torsion angle of À176.5 (19) . An intramolecular C-HÁ Á ÁO contact is observed (Table 1) .
Supramolecular features
The main feature of the crystal packing is the presence of an N-HÁ Á ÁO hydrogen-bonded chain along the a-axis direction (Table 1) with graph set C(4). A view along the a axis showing the unit-cell packing is shown in Fig. 2a while the hydrogenbonded chain is illustrated in Fig. 2b . Apart from the hydrogen-bonding interactions,stacking is observed between inversion-related molecules. The distance between the ring centroids is 3.8890 (14) Å while the distance between the mean planes is 3.3922 (10) Å (slippage 1.904 Å ).
Hirshfeld analysis
The intermolecular interactions in the crystal of the title compound were investigated by performing a Hirshfeld surface (HS) analysis (Hirshfeld, 1977; Spackman & Jayatilaka, 2009 ) using Crystal Explorer 17.5 (Turner et al., 2017) . The HS is plotted over the d norm range À0.5588 to 1.0138 a.u. (Fig. 3) . The faint red spots on the Hirshfeld surface near atoms O1 and H1 confirm the hydrogen bonding described above. The presence of adjacent orange and blue triangular regions in the shape-index HS (Fig. 4 ) confirm thatinteractions also occur in the crystal. Fig. 5 shows the full twodimensional fingerprint plot (McKinnon et al., 2007) 
Figure 2
The molecular packing in the title compound: (a) view of the unit-cell contents shown in projection down the a axis; (b) view of the supramolecular chain perpendicular to the b axis originated by the N-HÁ Á ÁO hydrogen bonding (shown as red dashed lines). Displacement ellipsoids are drawn at the 50% probability level.
Figure 1
The molecular structure of the title compound, showing the atomlabelling scheme and displacement ellipsoids at the 50% probability level.
pairs of beak-shaped tips at d e + d i ' 2.8 and 3.1 Å represent HÁ Á ÁCl/ClÁ Á ÁH and HÁ Á ÁS/SÁ Á ÁH contacts, respectively. The HÁ Á ÁC/CÁ Á ÁH contacts are seen as forcep-like tips at d e + d i ' 2.7 Å . Other contacts with smaller contributions to the HS have a less significant effect on the crystal packing: CÁ Á ÁCl/ ClÁ Á ÁC (2.9%), CÁ Á ÁS/SÁ Á ÁC (2.1%), HÁ Á ÁN/NÁ Á ÁH (2.1%) and CÁ Á ÁC (2.8%).
Computational Methods
DFT calculations were carried out to optimize the structure of the title compound using the CAM-B3LYP method and the 6-311G(d,p) basis set in an ethanol solvent within the Gaus-sian09 program package . DFT was chosen because it is a good compromise between the computational time and the description of the electronic correlation and has been found to be the best method to obtain accuracy for molecular geometry and electronic transition energies for organic molecules (Perdew et al., 2005; Niskanen et al., 2014; Arı et al., 2017; Miengmern et al., 2019) . Time-dependent density functional theory (TD-DFT) (Jacquemin et al., 2009) was also used for the calculation of the electronic transitions of the title compound in conjunction with the polarized continuum model (PCM) for computation of the solvent effect . The theoretical absorption spectrum of the optimized structure of the titled compound in ethanol solvent was obtained using the TD-DFT method. The electronic properties such as E HOMO , E LUMO , and the energy gap between HOMO and LUMO of the optimized structure were also determined and the electronic structure of the title compound was visualized in order to understand the hyperconjugative interactions and charge delocalization.
Computational study
The DFT structure optimization of the compound was performed starting from the X-ray geometry at the CAM-B3LYP/6-311G(d,p) level of theory in an ethanol solvent. The experimental and calculated geometrical parameters such as bond lengths and angles show good agreement although most of the calculated bond lengths are slightly longer than X-ray values (about 0.01 Å ) because experimental values are for interacting molecules in the crystal lattice, whereas the computational method deals with an isolated molecule in the solvent phase. We used the TD-CAM-B3LYP/6-311G(d,p) method to predict the absorption spectrum of the title compound in ethanol, also considering the excited states in the calculation. The maximum absorption wavelength ( max ) of the title compound was obtained using this method. As seen in Table 2 The shape-index Hirshfeld surface of the title compound plotted in the range from À1.0000 to 1.0000 a.u. the strong absorption at max = 250 nm and the oscillator strength f = 0.7144 are due to the S 0 !S 2 electronic transition with a wave function of two configurations [(HOMO-!LUMO) and (HOMO!L+4)]. The transition from HOMO to LUMO is mainly responsible for the formation of the maximum wavelength at 250 nm (Table 3 ). Fig. 6 shows the shape of molecular orbitals participating in the absorption at max = 250 nm. The electron density of the HOMO is mainly focused on the -C C-group in the phenyl ring, the sulfur atom, S-CH 3 , -NH C and -C O groups, whereas the LUMO is mainly focused on the C-C group in the phenyl ring. Therefore, the electronic transition from HOMO to LUMO mainly corresponds to the -* electron. The other excited states of the title compound have a very small intensity that is nearly forbidden by orbital symmetry considerations.
Database survey
A search of the Cambridge Structural Database (CSD version 5.41, November 2019 update; Groom et al., 2016) for the 2-chloro-N-phenylacetamide core shows that most of the structures were reported by Gowda and Co-workers, for example, the compound 2-chloro-N-phenylacetamide (I) (RIYWIG; Gowda et al., 2008a) reported in the Cc space group. Other structures with substituent(s) on the benzene ring include 2-chloro-N-(2,3-dichlorophenyl)acetamide (II) (GISWEL; Gowda et al., 2008b) in the P2 1 /n space group, 2-chloro-N-(3,5-dichlorophenyl)acetamide (III) (GISWIP; Gowda et al., 2008c) also in P2 1 /n, and 2-chloro-N-(2,4-dimethylphenyl)acetamide (IV) (YIRJAL; Gowda et al., 2008d) in P1. The title compound and compounds (I)-(IV) crystallized in different space groups so it can be concluded that the substituent(s) play a vital role in the crystallization of 2-chloro-N-phenylacetamide derivatives. It is worth noting that the structures all of the above 2-chloro-N-phenylacetamide derivatives feature a C(4) hydrogen-bond chain involving the primary amide functional group. This feature was also observed in the crystal structures of 2,2-chloro-Nphenylacetamide derivatives, viz. 2,2-dichloro-N-(2,3-dimethylphenyl)acetamide (V) (space group C2/c; XISROH; Gowda et al., 2008e) and 2,2-dichloro-N-(3,5-dimethylphenyl)acetamide (VI) (P2 1 /n; GISGUL; Gowda et al., 2008f) and the crystal structure of the derivative with no substituent on the 2nd position, [N-(3-chlorophenyl)acetamide] (VII) (P2 1 2 1 2 1 ; GISPOO; Gowda et al., 2008g) . This suggests that the substituents on both the benzene ring and at the 2-position did not affect the hydrogen-bonded framework in the Nphenylacetamide crystal structures. However, the derivatives with an N,N-disubstituted acetamide moiety cannot form hydrogen bonds in the same fashion as the N-monosubstituted acetamide derivatives because of the lack of a hydrogen-bond donor on the amide nitrogen atom. The supramolecular packing of N,N-disubstituted acetamide derivatives instead features weak intermolecular C-HÁ Á ÁO interactions (Zhi et al., 2011) .
Synthesis and crystallization
The title compound was prepared by combining 4-(methylthio)aniline (5.0 g), chloroacetylchloride (4.30 mL) and triethylamine (7.50 mL) in dichloromethane (10 mL) at a controlled temperature using an ice bath. After stirring under an N 2 atmosphere for 24 h, the reaction mixture was poured into water and extracted with 30 mL CH 2 Cl 2 (3 times). The organic layer was dried with anhydrous Na 2 SO 4 . The mixture product was purified by column chromatography using 9:1 CH 2 Cl 2 /EtOAc as an eluent, affording a light-brown solid, yield 42%. Light-brown crystals were grown by evaporating a solution of the title compound in a mixture of dichloromethane and hexane (1:1) at room temperature. 1 Table 2 The electronic absorption spectrum of the title compound calculated by the TD-CAM-B3LYP/6-311G(d,p) method. 
Figure 6
The molecular orbitals (MO) regarding information of the absorption spectrum of the title compound at the S 0 !S 1 and S 0 !S 2 states calculated by the CAM-B3LYP/6-311 G(d,p) method.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . All C-bound H atoms were positioned geometrically and refined using a riding model with d(C-H) = 0.95 Å and U iso (H) = 1.2U eq (C) for aromatic and d(C-H) = 0.98 Å , U iso (H) = 1.5U eq (C) for methyl H atoms. The N-bound H atom (H1) was located in a difference-Fourier map and freely refined. Data collection: APEX2 (Bruker, 2016) ; cell refinement: SAINT (Bruker, 2016) ; data reduction: SAINT (Bruker, 2016) ; program(s) used to solve structure: SHELXT2014/5 (Sheldrick, 2015a) ; program(s) used to refine structure:
SHELXL2018/3 (Sheldrick, 2015b) ; molecular graphics: Olex2 (Dolomanov et al., 2009) and Mercury (Macrae et al., 2020) ; software used to prepare material for publication: Olex2 (Dolomanov et al., 2009) and Mercury (Macrae et al., 2020) . Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
2-Chloro-N-[4-(methylsulfanyl)phenyl]acetamide
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 0.0241 (7) 0.0781 (12) 0.0471 (10) −0.0002 (7) 0.0034 (6) 0.0045 (9) N1 0.0227 (8) 0.0513 (11) 0.0353 (10) −0.0003 (7) 0.0005 (7) −0.0016 (8) C3
0.0295 (9) 0.0378 (11) 0.0327 (11) 0.0009 (8) −0.0001 (8) −0.0055 (9) C7 0.0332 (11) 0.0514 (14) 0.0423 (13) −0.0058 (9) 0.0034 (9) 0.0001 (11) C2 0.0279 (10) 0.0441 (12) 0.0389 (12) −0.0001 (8) 0.0028 (8) −0.0050 (10) C8 0.0274 (10) 0.0517 (14) 0.0391 (12) −0.0021 (9) −0.0020 (8) −0.0020 (10) C6 0.0400 (12) 0.0391 (12) 0.0385 (12) 0.0028 (9) −0.0003 (9) −0.0021 (10) C4 0.0266 (10) 0.0506 (13) 0.0440 (13) −0.0006 (9) 0.0008 (9) −0.0011 (10) (12) Geometric parameters (Å, º)
Cl1-C1 1.757 (2) C2-C1 1.515 (3) S1-C6 1.764 (2) C8-H8 0.9300 S1-C9 1.789 ( 
